The goal of vocal communication is the efficient delivery of signals to a target audience. Long and complex vocalizations are especially challenging because they are subject to environmental interference and may incur significant costs for the signaler. One of the various ways of increasing the efficiency of signal delivery is enhancement of communicational efforts only when potential audience is perceived nearby in an attempt to maximize the benefit over the cost of signaling (audience effect). Another way is signaling subsequently to events that intensify individual alertness in order to ensure audience attentiveness and sensitivity to the transmitted information. Rock hyraxes (Procavia capensis) are social mammals that use complex acoustic signals to communicate. Adult male hyraxes produce elaborate vocalizations (known as songs) that serve as honest advertisements of their quality. By combining analysis of male hyrax songs recorded in the field over a period of 11 years and playback experiments, we found that songs performed during and following attention-grabbing events (agonistic interactions, alarm calls, predator presence, and songs performed as a reply to conspecific singing) have an increased structural and syntactic complexity in comparison to spontaneous singing. Male hyraxes demonstrate a cognitive ability to optimize their advertising efforts in response to multiple types of events. This signaling strategy exploits the effective communication window created by attention-grabbing events and by the presence of an alert audience to delivers structurally and syntactically enhanced signal. To our knowledge, this is the first report of syntactic complexity of vocal signaling being altered following various triggers that change conspecifics mental state in terrestrial mammals.
IntroductIon
Understanding the nature of animal communication is an important part of the investigation of social behavior. In some species, vocal signals play a particularly important role in the interactions between individuals (Reby et al. 1998; Taylor and Reby 2010; Zuberbuehler 2010) . It has been shown that animals can signal their identity vocally, as well as indicate their social and mating status, and this in turn can mediate social interactions (Mathevon et al. 2010) . As elaborate vocal signals can be costly to produce (Hasselquist and Bensch 2008) , they should contain honest information regarding the signaler's quality (Backwell et al. 1999) . For example, "buzz" elements in nightingales (Luscinia megarhynchos) song indicate male quality (Weiss et al. 2012) ; aggressive vocalizations of male southern elephant seals (Mirounga leonina) are indicative of the performer's age and size (Sanvito et al. 2007) ; the "wahoo" call of baboons (Papio cynocephalus ursinus) reflects male rank and age (Fischer et al. 2004) ; and the roars of red deer (Cervus elaphus) are indicative of body size (Charlton et al. 2007) .
In complex communication networks, where several potential signalers and receivers share the same space, the efficiency of signal delivery is particularly important (Matos et al. 2005) . Efficiency may be achieved by timing signals to avoid interference (Gerhardt et al. 2003) , adding an alert component to gain audience attention (Ord and Stamps 2008) , or enhancing signaling behavior when a potential audience is present (Matos et al. 2005) . The latter solution is referred to as the "audience effect." For example, male-tomale display behavior in Siamese fighting fish (Betta splendens) and male field crickets (Gryllus bimaculatus) alters according to the sex of a bystander present (Tachon et al. 1999; Matos and McGregor 2002) ; male vervet monkeys (Cercopithecus aethiops) engage in nursing behavior in the presence of a female (Hector et al. 1989) ; male budgerigars (Melopsittacus undulatus) reduce their extra-pair courtship behavior when their mate is visible (Baltz and Clark 1997) ; and chimpanzees (Pan troglodytes) exaggerate their screams if there is an audience that matches or exceeds the aggressor's rank (Slocombe and Zuberbuhler 2007) . Audience effect allows signalers a more efficient use of the signaling space, reducing the energetic costs of long, complex signals (McComb 1991) . Audience effect indicates the contribution of the social environment in shaping individual behavioral decisions (Matos et al. 2005 ) and the voluntary control of signal production by the signaler (le Roux et al. 2008 ).
An "apparent audience" consists of individuals that influence the form and content of signals (e.g., songs) produced by the signaler (Matos et al. 2005 ). This effect is achieved when the audience is perceived to be nearby; for example, the enhanced display by male Siamese fighting fishes in the presence of females (Doutrelant et al. 2001) . However, in noisy environments, physical presence may not be sufficient to fully receive and comprehend complex vocal signals (Richards 1981; Ord and Stamps 2008) . Sounds of wind, water, and other species' vocalization may interfere with the ability to detect subtle details in conspecific calls. In addition, individuals engaged in daily activities such as foraging (i.e., searching for food, chewing on vegetative matter) or interactions with conspecifics may be unable or under-motivated to pay careful attention to vocal signals. On the other hand, individuals that are already alerted by external attention-grabbing stimuli are more attentive to any signals that may follow (Ord and Stamps 2008) . Thus, a signaler might use an effective communication window created by a third party to enhance its own communication efforts and exploit receivers' existing state of general alertness .
The rock hyrax (Procavia capensis) is a social mammal that lives in groups, usually comprising an adult male, a number of females and their offspring (Rubsamen et al. 1982) . Group members share sleeping dens and mostly browse for food together (Olds and Shoshani 1982) . Bachelor males are found in the vicinity of social groups and are seen mating with females, despite aggressive displays performed toward them by the resident male . Acoustic communication is the main channel of information transfer in this species (Fourie 1977) . Both male and female hyraxes produce a variety of calls, but it is mostly adult males that produce elaborate and complex songs. Male songs are composed of multiple bouts that contain repetitive elements, previously defined as wails, chucks, and snorts (Supplementary Figure S1) (Koren et al. 2008; Kershenbaum et al. 2012) . On average, an adult male sings for about 10 min a day (Ilany et al. 2013 ). Song complexity is age dependent, with older males producing longer and more complex songs, whereas younger males produce shorter calls, often lacking the snort element (Koren and Geffen 2009) .
The function of male hyrax singing has not been fully determined. However, we previously found an association between song features and singer attributes (i.e., body weight, hormonal levels, and social status [Koren and Geffen 2009]) , so that hyrax singing may be a way to advertise individual quality (Koren et al. 2008; Ilany et al. 2011) . Furthermore, because singing declines for several months following the mating season, it may play a role in sexual signaling (Koren et al. 2006) . Male hyraxes engage in countersinging (25% of all singing events), which may facilitate a comparison of male performance . Hyrax songs bear an individual signature and contain information regarding the singer's condition (Koren and Geffen 2009 ). Our observations show that although hyrax males often initiate "spontaneous" singing without any observable trigger, certain specific contexts are more likely to elicit a singing response . For example, males sing in response to other male singing, conspecific pup screams, in the presence of a predator or after winning agonistic interactions with other males, in a "victory display" (Bower 2005; Ilany et al. 2011 ). Spontaneous singing is common and rarely causes other hyraxes to interrupt their activities. In contrast, certain infrequent events nearly always cause group members to cease their activities and to look in the direction of the signaler . These attention-grabbing events as well as male singing tend to induce singing behavior, possibly because the signaler perceives the presence of effective signal receivers. In this study, we define effective signal receivers as individuals that are alert and attentive during signaling, as opposed to conspecifics that are engaged in other activities that might distract their attention and interfere with the reception and interpretation of signals ). In our case, signal receivers constitute a network of conspecifics that are sometimes invisible to the signaler, but nevertheless are alert and can potentially be affected by the transmitted signal (Zuberbuehler 2008) . However, the receivers can also consist of single individuals participating in a dyadic interaction with the signaler, as well as conspecific bystanders beside the signaling duo.
Our previous findings showed that hyraxes exploit conspecific urgency calls to gain attention . The tendency to sing following attention-grabbing events and in the presence of attentive signal receivers offers an excellent model to test the effect that signaling context has on the structure of male hyrax songs. The syntactic structure of hyrax songs (Kershenbaum et al. 2012) enabled us to examine changes in song complexity, using advanced techniques unavailable for species with nonsyntactic vocalizations. We predicted that songs triggered by an attention-grabbing stimulus and an attentive audience would demonstrate changes in song structure and/or syntactic composition. To test our prediction, we examined wild male hyrax songs (recorded over 11 years) for structural and syntactic changes, as a function of the context in which the songs were performed. In addition, we conducted playback experiments to determine whether isolated attention-grabbing audible stimuli (both stress-related events and male songs), lacking any additional cues (visual or olfactory), would be sufficient to reproduce the effects on song structure observed by the presence of real alerted audience and stimulate signalers to produce more elaborate signals in comparison to "spontaneous" singing. We have played a selection of previously recorded hyrax vocalizations and noted the behavioral responses of hyraxes visible in the experimental area.
MaterIals and Methods

Ethical statement
This study was conducted with permits from the Israeli Nature and Parks Authority for capturing, handling, and sampling the hyraxes at the Ein Gedi Nature Reserve (2000 Reserve ( /8871, 2001 Reserve ( /8871, 2002 Reserve ( /14674, 2003 Reserve ( /14674, 2004 Reserve ( /17687, 2005 Reserve ( /17687, 2007 Reserve ( /27210, 2008 Reserve ( /31138, 2009 Reserve ( /32871, 2010 Reserve ( /37520, 2011 Reserve ( /38061, 2012 .
Field protocol
The study was conducted at the Ein Gedi Nature Reserve, Israel (31°28′N, 35°24′E). Five mixed-sex hyrax groups and bachelor males have been monitored in the area since 1999. Field procedures followed previously published protocols (Koren et al. 2006; 2008; Koren and Geffen 2009) . Briefly, rock hyraxes were trapped and anesthetized using ketamine hydrochloride. Each hyrax was individually fitted with a subcutaneous transponder and either an ear tag or a light collar to allow identification form distance. Following anesthesia recovery, the animals were released in proximity to the capture location. All animals were handled in shaded places to prevent overheating.
Vocalization and behavioral recording
Hyrax activities were observed daily, during morning activity hours. All behavior including movements, social interactions, and vocalizations were noted. Hyrax were individually recognized using 10 × 42 binoculars (Monarch; Nikon) and a telescope with up to ×75 zoom magnification (Fieldscope ED82; Nikon). Long-range vocalizations were recorded from a distance of 10-50 m with a Sennheiser ME 67 shotgun microphone (frequency response 50-20 000 Hz ± 2.5 dB) powered by a Sennheiser K6 module, covered with a Sennheiser MZW70-1 blimp windscreen (Sennheiser Electronic GmbH & Co. K. G., Wedemark, Germany). The microphone was hand-held using an MZS20-1 shock-mount with a pistol grip. Vocalizations were recorded in mono (Tascam HD-P2 digital audio recorder; TASCAM Corporation, Montebello, CA), with a sampling frequency of 48 kHz and a sampling width of 24 bits .
Playback experiments
Previously recorded vocalizations were played via a FoxPro Scorpion X1B speaker using a TX200 remote control (FOXPRO Inc., Lewistown, PA). The speaker was placed before dawn in a concealed spot in an area frequently visited by focal hyraxes. We conducted 2 sets of playback experiments:
Attention-grabbing event playbacks
Three different vocalizations were used for assessing their effectiveness in eliciting alert behavior: 1) trill-a warning call emitted mostly by female hyraxes in response to a mild or distant threat, 2) fight-a recording of 2 hyraxes engaged in a physical confrontation, and 3) control-a recording of Tristram's starling contact calls. All playbacks were chosen randomly from natural vocalizations previously recorded in the research area. Playback tracks were shortened from a longer recording to 1 min length using Avisoft SAS LabPro software version 5.2.07 (Avisoft Bioacoustics, Berlin, Germany) and normalized to natural Sound Pressure Level (SPL) measured at the source using the graphic sound meter built in the Tascam HD-P2 audio recorder (trill 80 dB ± 5, fight 85 dB ± 5, control 70 dB ± 5). We had knowledge about natural intensity levels from hyrax calls recorded by attaching miniature audio recorders to individual animals in a previous study (Ilany et al. 2013) .
Experiments were performed in 30-min intervals. No more than 2 playbacks were presented to the same group of hyraxes in a single day. The behavioral responses of all observed individuals were noted 5 min before, during the playback, and continuously for 5 more min after each trial. Visible individuals expressing one or more of the following vigilant behaviors during playback (head raise, head turn toward the speaker, whole body turn toward the speaker, climb to higher post, run for cover, vocalize) were considered as responsive to the playback stimulus. Individuals that did not show any of the above behaviors and maintained their pre-playback position and activity were considered as not responsive. Ilany et al. (2011) have carried a series of playback experiments during 2007-2009 using attention-grabbing vocalizations. In these experiments, adult male songs and pup scream playbacks were used to test the responsiveness of conspecifics to those types of calls. The experiments were performed in our study area, and all the experimental procedures were identical to the ones used in this study . Raw data of these experiments was combined with the data collected for this study and analyzed as a single dataset.
Male song playbacks
After a male hyrax was observed and identified within a 20-30 m radius of the speaker, we played one of 5 preselected songs, each recorded from a different male. All songs used for playbacks were performed by adult males and had been recorded in our research area. We selected the songs for playback experiments on the basis of recording quality and song duration. Experimental songs were 1.5-2 min in length, which is the average duration for hyrax singing ( Figure 1a ). The playback SPL was calibrated in several preliminary trials to match the level of natural hyrax singing (about 80 dB measured at the source) (Ilany et al. 2013) . To eliminate the possibility of a male hearing a playback of its own song or that of an acquaintance, playbacks recorded in the Arugot site were played in the David site, and vice versa (minimal distance between sites is 3 km). The songs were randomly rotated throughout the playback sessions. To avoid desensitization, no more than 2 playbacks were performed per day. If more than one male was present in the speaker's vicinity during playback experiments, we noted the behavioral responses of all participants and recorded all subsequent male singing. A singing response was considered if at least one of the present males started singing within 2.5 min of the playback.
Song analysis
We classified 188 songs previously recorded songs into 2 states: "spontaneous" (i.e., singing initiated without any observable external trigger) or "induced" (i.e., singing initiated by target audience presence and followed an event that elicited conspecific attention). Frequency distributions of alerted (e.g., head raise, climb to higher post, vocalize, etc.), filled bars, and not alerted, empty bars, hyraxes by corresponding playback stimulus. Number of individuals is indicated above the bars. Number of trials for each category is denoted in parenthesis.
Induced songs were produced following both potentially stressful (e.g., alarm calls, pup distress calls, observed agonistic interactions, predator presence) and nonstressful (e.g., singing male) events. The songs were performed by 16 adult males under natural conditions. To test whether the differential response to spontaneous versus induced songs is indeed due to audible stimuli and does not necessarily require other social (visual or olfactory) cues, we compared a set of 24 spontaneous songs, which were recorded from 7 different males under natural conditions, with 10 songs by the very same males, which we induced by male song playback experiments.
A singing response was considered as "induced" if noted within 2.5 min following the occurrence of any of the above-mentioned trigger events. Physical presence of other hyraxes during singing was not considered a trigger event, unless singing was initiated shortly after the appearance of another male hyrax in the proximity of the singer, and the singer was looking at the opponent and clearly singing in its direction.
For each song, a spectrogram was generated using Avisoft SAS LabPro software version 5.2.07 (Avisoft Bioacoustics). Spectrograms were measured at 512 Fast Fourier Transform length, 100% frame, using a Hamming window. All the vocal elements were identified and manually marked from the sonograms using the Avisoft SASLabPro cursors. Each element's start time and duration were measured by SASLabPro automatic spectrogram parameters function and transferred to Microsoft Excel datasheets for analysis. We recorded 6 structural variables for each male: 1) mean song duration; 2) interbout interval, defined as the mean duration of all silent intermissions above 1 s; 3) mean duration of the longest bout in each song; 4) mean number of bouts per song; 5) mean number of chuck elements per song; and 6) mean number of snort elements per song. Variables 1-5 were chosen based on the assumption that repetitive signals with enhanced song length and rhythm might reflect the singer's greater aerobic capacity (Mowles and Ord 2012) . Variable 6 was chosen based on our previous studies linking the snort element to the singer's physical characteristics (Koren and Geffen 2009 ).
Statistical analyses
For natural song and male song playback experiment analysis, we used generalized estimating equations (GEEs) to test for differences between the 2 song types (spontaneous vs. induced) in each of the 6 structural variables. We used a factorial design, with song type and male social state (resident vs. bachelor) as the main effects. GEE is an extension of generalized linear models for correlated data. The GEE approach results in estimates of model parameters that are robust regardless of the structure of correlation between observations (repeated measures within the male subjects) (Overall and Tonidandel 2004) . For the covariance matrix (i.e., variance structure), we selected the robust estimator (sandwich estimator) because it consistently estimates the covariance even if the within subject correlation model is misspecified. We normalized all 6 structural (dependent) variables using the Box-Cox transformation, and selected the linear model (distribution "Normal" and link function "Identity") in all analyses. We evaluated the effects of the presence of alert audience, the social status of the singer, and their interaction on each of the 6 vocal variables measured using the Wald χ 2 . Multiple comparisons were conducted using the sequential Bonferroni correction. GEE model fitting was performed using SPSS (version 19; SPSS Inc.).
Male hyrax songs have been shown to contain syntactic structure (Kershenbaum et al. 2012 ). The relative frequency of transitions between different vocal elements can be expressed as a 5 × 5 Markov transition matrix (wail, chuck, and snort, with the addition of "bout start" and "bout end" markers), and we used the nonuniformity of this transition matrix to quantify syntactic diversity (Lameira et al. 2013 ). Transition matrix "unevenness" is a better measure of syntactic structure than Shannon entropy, as it indicates the presence of "rules" governing how elements follow each other (see Supplementary Information) . We calculated syntax diversity using the weighted sum of the entropies of the transition matrix probabilities, which was shown by Shannon et al. (1949) to be an estimate of the entropy rate of an ergodic Markov chain. We set the "start-end" and "end-start" blocks as 0 on all matrices because these transitions are biologically meaningless. The diversity in the rate of element change was calculated as S p p p
where p i,j is the probability of transition from element i to element j, taken from n possible elements (n = 5), and p i represents the stationary probability of element i. We compared the diversity between song types (spontaneous vs. induced) across all individuals using a paired test by permutations.
results
We conducted a series of playbacks in which attention-grabbing stimuli were introduced and the responses of hyraxes were recorded. We combined our data with previously published data by Ilany et al. (2011) , which were performed in a similar manner to ours. Our combined playback experiment results showed a significantly higher frequency of alert response to sounds of fighting (Fisher exact test, P < 0.0001; Figure 1 ), alarm calls (P < 0.0001), and pup screams (P < 0.0001) compared with the control (i.e., singing of the local Tristram's starling, Onychognathus tristramii). Overall, hyraxes did not respond more strongly to male songs compared with the control (P = 0.07), but we detected a marked sexual difference in the behavioral response to male songs. Males responded at a significantly greater rate to the singing of another male relative to the control (24.2% [n = 33] and 4.2% [n = 96], respectively, P = 0.002), whereas females did not (3.4% [n = 59] and 4.2% [n = 96], respectively, P = 0.74). A total of 188 naturally recorded songs, performed by 16 different male hyraxes (about 11.8 songs/individual) over a period of 11 years (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) , were included in the analysis. All males were sexually mature (>3 years) and were frequently observed singing. Of those 16 individuals, 9 were resident group males, 5 were bachelor males, and 2 were of unknown status.
Of all analyzed singing events, 39.5% were classified as "spontaneous" as no external trigger was observed prior to their initiation. The rest of the singing events (60.5%) were classified as "induced" and consisted of songs performed as a response to various stimuli that usually enhance the alertness of neighboring hyraxes and indicate presence of attentive target audience (i.e., males or both sexes). Induced singing events consisted of conspecific males singing (67.4%), agonistic interactions (16.5%), alarm and distress calls (14%), and the presence of a predator (2.1%). GEEs revealed several distinctions between "spontaneous "and "induced" singing events. The most prominent difference was the significant increase in longest bout length in "induced" songs ( Figure 2d ; Table 1 ). In addition, we found that "induced" songs had a greater number of chuck and snort elements ( Figure 2e ,f respectively; Table 1 ) and an increase in both the mean number of bouts per song and their mean length ( Figure 2a ,c respectively; Table 1 ). In contrast, the mean interval between singing bouts showed a significant decrease in "induced" songs ( Figure 2b ; Table 1 ). Both resident and bachelor males showed similar differences in song structure between the 2 singing contexts. However, resident males showed a significantly higher extent of change in song duration, number of bouts, number of chucks, and number of snorts per song (Figure 2 ; Table 1 ). We detected a significant interaction between song type (spontaneous vs. induced) and male social status only for bout interval, suggesting a stronger effect in bachelor males (Figure 2 ; Table 1 ). The type of trigger that generated induced singing (whether potentially stressful events like alarm calls, pup distress calls, predator presence, and agonistic interactions, or nonstressful events like male singing and male playbacks) had no significant effect on the focal vocal variables (P > 0.05 in all cases). In other words, the presence of alert audience, resulted from stressful or no-stressful event, generated a similar effect on the male vocal response. The general tendency to produce shorter bout intervals and longer bout lengths in the presence of attentive target audience was observed in both bachelor and resident males (Figure 2) .
We compared the syntactic complexity of induced and spontaneous songs using the Shannon entropy index for an element transition matrix (see Supplementary Information) . Induced songs showed a significant increase in syntactic complexity (pair-test by permutations, n = 16, P = 0.003; Figure 3 ). This finding indicates that these songs generally contain more elaborate singing bouts with a greater number of transitions between vocal elements. These differences in diversity were largely due to the higher transition rate of the "chuck-snort" (pair-test by permutations, n = 16, P = 0.005), the "chuck-end" (P = 0.012), and the "chuck-chuck" (P = 0.059) vocal elements. The tendency for syntax complexity to increase in induced songs did not differ between resident and bachelor males (permutation test, n = 14, P = 0.847). The type of trigger event (stressful or non stressful) had no significant effect on song syntactic complexity (P > 0.05).
We separately compared 24 songs, performed spontaneously by 7 males, to 10 songs performed by the same males in response to playbacks of male hyraxes. The response rate to playback experiments was 0.25, similar to the response rate observed in natural circumstances. Testing across all vocal variables revealed that playback responses showed increased mean song duration, increased longest bout duration, greater number of bouts per song and number of chucks and snorts per song, and decreased mean interval between bouts per song, compared with "spontaneous" songs (Table 1) . Playbacks, thus, had a similar effect on male hyrax singing behavior as natural triggers (Table 1) .
dIscussIon
In this study, we found significant support for our hypothesis that audience attentiveness would affect vocal and syntactic features of male hyrax song. We showed that song-inducing triggers (such as alarm calls and fight sounds) draw conspecific attention (Figure 1 ). In addition, the singing of a conspecific male clearly signals the presence and alertness of a potential competitor and can provide a counter-singing opportunity to announce its presence and advertise own quality. Therefore, all song-inducing events signal the presence and attention of quality listeners, whether it is a single male or a group of individuals, and open an effective communication window for self-advertisement via singing. Male singing recorded following those events demonstrated signal enhancement on several levels. Male hyraxes performed shorter songs (Figure 2a ) with fewer bouts (Figure 2c ) in spontaneous singing. In contrast, males prolonged their performances when there were alert listeners and a higher potential gain from the cost of exposure. A significant decrease in interbout interval during "induced" singing was detected (Figure 2b ), indicating that "induced" songs are performed at a higher tempo. Because a singing bout appears to be produced with a single breath (Koren and Geffen 2009) , faster singing, in combination with increased bout length (Figure 2d ), could reflect greater aerobic capacity and endurance. These qualities might demonstrate both greater fighting and predation avoidance abilities (Mowles and Ord 2012) , so hyrax singing possibly addressed both to rival males and potential mates, advertising the corresponding relevant qualities.
"Induced" songs also contained more snort elements per song (Figure 2f ). Snorts are harsh, broadband sounds, associated with aggression and may indicate a motivation to attack (Benedict et al. 2012) . Sounds including low frequencies may also be associated with body size and provide a measure of an individual's fighting ability (Benedict et al. 2012) . Previous studies revealed that snorts appear last during the ontogenesis of song maturation, and there is also a strong correlation between the snort element, social rank, and androgen levels (Koren and Geffen 2009) . Snorts are the least frequent element in hyrax singing, suggesting that their production may be physically or acoustically challenging. Altogether, these factors imply that snorts are the hardest vocal element for the male hyrax to produce. Thus, an increase in the number of snorts in the presence of an alert audience offers another way to optimize the efficiency of singing. Recently, a syntactic analysis of hyrax song suggested the existence of dialects and the importance of element order in a song (Kershenbaum et al. 2012) , indicating that hyrax song syntax may contain information on the signaler. Vocal complexity is an attractive trait (Mowles and Ord 2012) , so that an increase in syntactic complexity in "induced" singing ( Figure 3 ) might have a role in sexual signaling.
The definition of "complexity" is challenging (see Supplementary  Information) . In our study, we defined syntactic complexity by examining the "unevenness" of the transitions between vocal elements: Syntactic diversity (entropy rate) of "spontaneous" and "induced" male songs ± standard deviation. ***P ≤ 0.001. if the transitions between elements follow a particular pattern, this is "complex," whereas random transitions are "non-complex." Producing multiple transitions between vocal elements may require better muscle control and greater lung capacity than producing long sequences of the same element (Kagawa and Soma 2013) . Furthermore, prolonged singing may exceed the audience's attention span and become inefficient, whereas increased signal complexity may reduce the time required to transmit information (Akre and Ryan 2010) . Thus, the combination of structural enhancement with syntactic complexity may offer a more efficient strategy to demonstrate an individual's abilities, within the constraints of predation risk and the audience attention span. Male hyrax songs are long, complex vocalizations that can potentially "handicap" the signaler (Zahavi 1977) in terms of exposure to predation and social retaliation (Mowles and Ord 2012) . According to signal detection theory, it may be advantageous for male hyraxes to sing in the presence of an attentive audience, in order to reduce the chances of forfeiting the costs of singing . Although in most cases of spontaneous singing, other hyraxes are present and can serve as potential audiences for the signaler, they seldom interrupt their activities to pay close attention to the singer. However, distress signals, predator presence, and agonistic social interactions provide information of potential significance and alert all individuals in the area, causing them to stop all activities and look in the direction of the signaler (Figure 1 ). In counter-singing events, both opponent males serve as a target audience for one another, thus vindicating the enhancement of the transmitted signal. Altogether, males may exploit these varying attention-grabbing events as advertisement opportunities.
An alternative explanation for male song enhancement could be a simple stress response. Alarm signals, predator presence, and the appearance of rival males could potentially trigger an exaggerated signaling behavior, regardless of audience presence and alertness. Although it is likely that hyrax song production involves heightened arousal levels, it seems unlikely that an animal would produce such a long call in face of imminent danger. Moreover, hyraxes have specific call (i.e., trill) to signal for danger produced by both sexes. In fact, when we approached trapped males, they sometimes produce threat or alarm vocalizations but we have never observed singing inside a trap (n = 1190 trapping cases).
Male hyraxes rarely retreat following conspecific alarm calls and passing predators do not threaten singing males, which are usually positioned on safe higher ground. Hyraxes are well camouflaged in their habitat, but a singing male exposes its location by being heard from a distance. We would, therefore, expect males to minimize their exposure to stressful or dangerous events, rather than prolonging and elaborating their vocalization. However, we found the opposite to be the case, suggesting that enhanced vocal displays are not stress driven.
The modulation of vocalization according to a specific social context was first described in male cockerels (Gallus domesticus), which showed increased rates of alarm and food calls in the presence of conspecifics, and termed "audience effect" (Marler et al. 1986 ). The audience effect phenomenon has since been described in many more animal communication systems (Matos et al. 2005) . Our results bear great similarity to the audience effect phenomenon. However, unlike previous studies that focused mainly on short calls, we show alterations in long and elaborate vocalizations at several levels of the transmitted signal: signal duration, rhythm, and also the complexity of the syntactic structure. In addition, previous reports considered only visible individuals as an audience affecting signal structure or potency. Our findings show, for the first time, that the perceived conspecific attentiveness and alertness can have a similar effect on the signal properties, regardless of the visibility and presence of other individuals. Syntactic vocalization is rarely described in mammals (Kershenbaum et al. 2012) , and we are aware of only a single case demonstrating syntactic alteration as a result of audience presencethat in Brazilian free-tailed bats (Tadarida brasiliensis) (Bohn et al. 2013) . In humans, on the other hand, audience has long been known to affect the syntactical structure of speech. In 6 diverse language groups, adult speakers showed syntax modification when addressing children (Monnot 1999) . Additionally, humans change language or dialect to reach a specific audience or to reach other communicative goals (Sridhar and Sridhar 1980; Zuberbuehler 2008) , known as codeswitching. Finally, in human speech, the syntactical structure changes toward a more formal and complex language when the speaker is aware of an audience's attention-a phenomenon termed "audience design" (Bell 1984) . Our results show that the presence of alert audience influences the syntactical complexity and structure of male hyrax songs in a phenomenon similar to human audience design, which may indicate a similar cognitive processing of social environment.
Additional research may reveal whether male hyraxes have unique vocal responses for different stimuli (alarm calls, predator presence, etc.), possibly conveying different messages directed at different audiences. The ability of hyraxes to recognize specific audible cues, and to respond accordingly to advertise an individual's own qualities via the signaling network, supports our hypothesis that male hyrax song is more than merely an instinctive response. In addition to the environmental context, audience size and composition can also influence the information content of an individual's call (Krams et al. 2012) . As this effect is consistent with our findings, further research may reveal a high level of control over male song syntax and general structure. By adjusting song parameters, the signaler can demonstrate its superior qualities and possibly match the encoded message to the specific social and environmental context. These findings would constitute evidence of a complex decisionmaking process involved in the male hyrax signaling strategy.
Our finding of contextual differentiation in hyrax singing is an important step toward understanding the function of male song and the information it bears. An individual that reserves its advertisement efforts for events when it is likely to be heard by conspecifics will probably be more successful at conveying its message to the audience (McDonald et al. 2008) . The finding of the audience alertness effect on male song structure is consistent with our earlier hypothesis of the role of male singing in intraspecific advertisement . Furthermore, under the "social intelligence" hypothesis, our results may suggest a high cognitive ability, which is reflected in the ability to deduce the mental state of nearby conspecifics through observation and experience (Frith and Frith 2012) . In addition, we demonstrated an audience-dependent, structural and syntactic signal enhancement strategy as a way for effective use of conspecific alertness and attention. As a solution to a limited window of opportunity for information transfer, multilevel signal enhancement might drive the evolution of syntactic vocalizations in nature.
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